Introduction
Resonant tunneling diodes (RTDs) are most promising quantum effect devices. Their negative differential resistance (NDR) has been demonstrated to persist up to THz frequency range [1] . Various applications, including analog and digital circuits, have been proposed and demonstrated using RTDs. An interesting application of the RTDs is an active transmission line (TL). The nonlinear transmission lines (NLTLs) loaded by Schottky diodes or varactors are used to ultrashort pulse generation [2] . Using RTDs the NLTLs can posess a gain due to the NDR. This gain together with ultrahigh frequency nature of the RTD makes the NLTLs loaded by RTDs (RTDTLs) promising for various ultrahigh frequency applications [2] [3] [4] . Recently, We have also proposed an ultrawide band amplifier using such NLTLs [5] . In this paper, we will report on the fabrication and characterizaion of the RTDTLs. We will also discuss the possibility of an RF switch using the RTDTLs based on experimental results. Figure 1 shows a basic configuration of the RTDTLs. In the small signal regime the RTDTL can be regarded as a "lossy" transmission line with a negative loss when the size of the unit cell is much smaller than the wavelength of the signal. In other words, this transmission line works as an amplifier. On the other hand, it has a large nonlinearity in the large signal regime, which can be used in various applications, for example, the pulse generation. In both cases, it is very important for designing circuits to clarify RF properties of the RTDTLs. Here, we fabricated and characterized RTDTLs having various parameters.
Design and Fabrication of the RTDTLs
We fabricated the RTDTLs with InGaAs/AlAs epitaxial layers grown on an InP substrate employing conventional photolithography and lift-off process. The emitter area of the RTDs used was 8 µm 
Circuit Properties
We measured the RF small signal characteristics of the fabricated circuits from 40 MHz to 40 GHz. The measurements were carried out on wafer using Anritsu 37369C vector network analyzer. Figure 4 shows an example of the S11 and S21 of the RTDTLs having 10 unit cells (short wire) with bias voltage of 0V. The RTDs work as a simple resistor at this bias, so that the TL is lossy. Therefore, the reflection (S11) is large and the transmission (S21) is small (less than -17 dB).
We investigated the bias voltage dependence of the S-parameters. They change drastically at the peak voltage. Figure 5 compares the magnitude of S21 for the bias voltage at 0 V and that at 0.34 V (near the valley). The transmission increases considerably from that at 0 V. This is due to the high impedance of the RTDs at valley voltage. We also found that the S11 is much small at V=0.34 V, which implies good impedance matching to the 50-Ω load. This phenomenon can be applied to high performance RF-switch. The ON/OFF ratio was about 15 dB for RTDTL having 10 unit cells. We can easily obtain larger ON/OFF ratio by increasing the number of unit cells, because this ratio is proportional to the number of unit cells. We experimentally confirmed this dependence for TLs having 1 to 10 unit cells. This RF-switch has another advantage that the power consumption is very small because only valley current flows when the circuit is biased in ON state. This is in contrast to the conventional diode switch. It should be noted that the S21 reduction at high frequency is due to the wire resistance because of relatively thin wire metal. Ultra wideband RF switch (>100 GHz) can be expected with sophisticated circuit design and fabrication process.
We also observed that the S21 increases when decreasing the bias voltage from the nonresonant current region. However, low frequency oscillations in the NDR region hindered accurate measurements of S-parameters, so that the gain could not be demonstrated. This indicates that RTD pair configuration, which is effective for suppressing such oscillations, is essential for applying the RTDTLs to amplifiers [6].
Conclusion
The RTDTLs having various parameters were designed and fabricated on an InP substrate. Small signal RF characteristics were measured. Possibility of the high performance RF-switch using RTDTLs were discussed based on the measured S-parameters. 
